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CHEMICAL MECHANICAL POLISHING SYSTEM AND PROCESS 

Technical Field of the Invention 

This invention relates generally to semiconductor processing and, more 
particularly, to chemical mechanical polishing systems and processes. 



Background of the Invention 

One problem that is confronting the semiconductor processing industry in 
the age of ultra large scale integration (ULSI) is capacitive-resistance loss in wiring 
levels. Conventionally, aluminum and aluminum alloys have been used for 
semiconductor wiring. In an effort to improve conductivity, it has been suggested to 
substitute copper metallurgy for aluminum metallurgy. 

However, problems have been encountered in developing copper metallurgy. 
One problem is that copper quickly diffuses through both silicon and silicon dioxide 
(Si0 2 ). Another problem is the known junction poising effects of copper. It has 
been proposed to use a liner to separate the copper metallurgy from the Si0 2 
insulator. Proposed liners include either a metal such as tantalum (Ta) or tungsten 
(W), or a compound such as tantalum nitride (TaN) or silicon nitride (Si 3 N 4 ). 
Another problem is that copper, unlike aluminum, does not form a volatile 
compound at room temperature and thus cannot be reactively ion etched. The 
"damascene" process has been used to form copper lines embedded in an insulator. 
In this process, a layer of insulator is deposited, and trenches for conductors are 
formed in the insulator using a resistive ion etching (RIE) process. A liner and 
adhesion layer is deposited, and copper is blanked deposited by either chemical 
vapor deposition (CVD) or electroplating. The unwanted copper and liner is then 
removed by a chemical mechanical polishing (CMP) process. 

CMP is a semiconductor wafer flattening and polishing process that 
combines the chemical removal of semiconductor layers such as insulators and 
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metals with the mechanical buffering of a wafer surface. Typically, CMP is used to 
polish or flatten wafers after crystal growing during the wafer fabrication process, 
and to polish or flatten the profiles that build up in multilevel metal interconnection 
schemes. 

A traditional CMP tool has a hard surface platen onto which the wafer is 
fixed. A polishing abrasive is applied and a polishing pad, which may contain 
additional abrasive, is moved over the wafer surface. The polishing solution 
containing the abrasive is, at least to some extent, generally reactive to the materials 
being polished. In one known polishing system, the abrasive is fixed to the pad and 
the pad is immersed in a liquid. This pad is then used in a similar method as the 
other systems. 

In many CMP systems, the wafer platen and the polishing pad are rotated 
during the polishing process. Some designs have used a belt that contains an 
abrasive material. These systems have been used to achieve a significant degree of 
local planarization as well as limited long range planarization. However the degree 
of long range planarization has been significantly less than desired. Additionally, 
other non uniformity problems such as dishing and rounding of the features tend to 
occur. These non uniformity problems result in uneven surfaces and layers that are 
not uniformly thick. This is a significant problem for achieving complete 
planarization. 

Therefore, there is a need in the art to provide a CMP system and process 
that overcomes the problems of uneven surfaces and increases the degree of long 
range planarization. 

Summary of the Invention 

The above mentioned problems are addressed by the present subject matter 
and will be understood by reading and studying the following specification. The 
present subject matter provides chemical mechanical polishing (CMP) systems and 
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methods that use a polishing pad drum. A platen holds a wafer to be polished. The 
polishing pad drum has a generally cylindrical shape and rotates along an axis of the 
cylinder. According to one embodiment, the platen linearly moves the wafer into 
contact with the polishing pad drum. This linear motion is characterized as being 

5 perpendicular or generally perpendicular (albeit in a different plane) to the axis of 
rotation of the polishing pad drum. In other words, the vector that represents the 
relative linear motion of the wafer with respect to the polishing pad drum lies in a 
plane and can be projected on a parallel plane that includes the axis of rotation of the 
polishing pad. This projection of the linear motion vector is perpendicular, or 

10 generally perpendicular, to the axis of rotation. This polishing system is capable of 
significantly increasing the degree of long range planarization by reducing 
uniformity problems such as dishing and rounding of the features. 

One aspect of the present subject matter is a polishing system. One 
polishing system embodiment includes a platen adapted to receive a wafer, and a 

15 polishing pad drum that has a cylindrical, or generally cylindrical, shape with a 
length and an axis of rotation along the length. The polishing pad drum and the 
platen are adapted to be operably positioned a predetermined distance from each 
other in preparation to polish a surface of the wafer. The polishing pad drum is 
adapted to rotate about the axis of rotation along the drum length. The polishing 

20 pad drum, the platen, or both the polishing pad drum and the platen are adapted to 
be linearly moved to polish the surface of the wafer using the rotating polishing pad 
drum. 

According to one embodiment, the polishing system includes a controller, a 
platen adapted to receive a wafer, a polishing pad drum, and a drive assembly 
25 coupled to the controller. The controller and drive assembly cooperate with each 
other to rotate the polishing pad drum and to operably move the polishing pad drum, 
the platen, or both the polishing pad drum and the platen to create a relative linear 
motion to polish the wafer. 



3 



1 



o 

ffl 
ill 



SLWK 1303.018US1 
Micron 01-0418 

According to one embodiment, the polishing system includes a controller, a 
platen adapted to receive a wafer, a polishing pad drum, a drive assembly coupled to 
the controller, and a trimming laser coupled to the controller. The controller and 
drive assembly along with the drive assembly for the laser are so controlled that the 

5 change in the diameter of the polishing drum, with the dressing operation, is 

accounted for in the vertical positioning of the platen. Thus, a specified thickness of 
material may be precisely removed. 

One aspect of the present subject matter is a method for planarizing a wafer. 
According to this method, the wafer is positioned on a platen, and a polishing pad 

1 0 drum is rotated. A linear movement is created between the polishing pad drum and 
the platen to polish the wafer. 

One aspect of the present subject matter is a process. According to one 
process embodiment, a polishing pad drum is dressed and a wafer is positioned on a 
platen. The polishing pad drum and the platen are set to be separated by a 

1 5 predetermined distance. This predetermined distance provides the desired 

separation between the wafer and the polishing pad drum for a polishing process. 
This predetermined distance may be characterized as a predetermined minimum 
distance between the polishing pad drum and the platen as they pass each other. The 
wafer is polished by rotating the polishing pad drum and creating a linear movement 

20 between the polishing pad drum and the platen. The wafer is removed from the 
platen, and a semiconductor fabrication process is performed on the wafer. 

These and other aspects, embodiments, advantages, and features will become 
apparent from the following description of the invention and the referenced 
drawings. 

25 

Brief Description of the Drawings 

Figure 1 is a perspective view of one chemical mechanical polishing (CMP) 
system embodiment. 
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Figure 2 is top view of the CMP system of Figure 1. 
Figure 3 is a front view of the CMP system of Figure 1. 
Figure 4 is a cross-section view along line 4-4 of the CMP system shown in 
Figure 3. 

Figure 5 is a block diagram of one CMP system embodiment. 

Figure 6 is a side view of the CMP system of Figure 5, illustrating the 
motion of the drum and the platen. 

Figure 7 is a block diagram of one CMP system embodiment. 

Figure 8 is a side view of the CMP system of Figure 7, illustrating the 
motion of the drum and the platen. 

Figure 9 is a block diagram of one CMP system embodiment. 

Figure 10 is a side view of the CMP system of Figure 9, illustrating the 
motion of the drum and the platen. 

Figure 1 1 is a block diagram of one CMP system embodiment. 

Figure 12 is a block diagram of another CMP system embodiment. 

Figure 13 is a block diagram of one embodiment of an electronic system 
used as a controller for a CMP system. 

Figure 14 is a flowchart illustrating one embodiment of a semiconductor 
process that incorporates one embodiment of a CMP process. 

Figure 15 is a flowchart illustrating one embodiment of a process for 
removing a semiconductor layer. 

Detailed Description of the Invention 

The following detailed description of the invention refers to the 
accompanying drawings which show, by way of illustration, specific aspects and 
embodiments in which the invention may be practiced. In the drawings, like 
numerals describe substantially similar components throughout the several views. 
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These embodiments are described in sufficient detail to enable those skilled in the 
art to practice the invention. Other embodiments may be utilized and structural, 
logical, and electrical changes may be made without departing from the scope of the 
present invention. The following detailed description is, therefore, not to be taken in 
5 a limiting sense, and the scope of the present invention is defined only by the 
appended claims, along with the full scope of equivalents to which such claims are 
entitled. 

The present subject matter provides chemical mechanical polishing (CMP) 
systems and methods in which a rotating polishing pad dram is used to polish a 

1 0 wafer held by a platen. The polishing pad drum operably contacts the wafer through 
a relative linear movement between the wafer and the rotating polishing pad drum. 
The linear motion is characterized as being perpendicular (albeit in a different plane) 
to the axis of rotation of the polishing drum, which significantly increasing the 
degree of long range planarization by reducing uniformity problems such as dishing 

1 5 and rounding of the features. 

Figure 1 is a perspective view of one chemical mechanical polishing (CMP) 
system embodiment. The illustrated embodiment of the CMP system 100 includes 
a platen 102 and a polishing pad drum 104. 

According to one embodiment, the polishing pad drum 104 is formed in the 

20 shape of a cylinder or drum. According to another embodiment, the polishing pad 
drum 1 04 includes a drum center and a polishing pad attached around the drum 
center. 

According to one embodiment, the polishing pad drum 104 is rigid. In this 
embodiment, for example, a soft backing material is not used in the polishing pad. 
25 A CMP process uses a polishing agent that is, at least to some extent, 

generally reactive to the materials being processed. According to one embodiment, 
a polishing abrasive is embedded in the polishing pad drum 104. Another 
embodiment provides the polishing abrasive separately in a slurry. 
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A semiconductor wafer 106 is placed on or is otherwise received by the 
platen 102. The polishing pad drum 104 has a length that preferably spans across 
the width of the wafer 106. The polishing pad drum 104 has an axis of rotation 108 
along the length of the polishing pad drum 104. A motor drive 110 rotates the 
5 polishing pad drum 104 about the axis of rotation 108. By having a length that 
spans across the entire width of the wafer 106, the rotating polishing pad drum 104 
is able to process the entire wafer 106 in one pass. 

The polishing pad drum 104 and the platen 102 are adapted to have a relative 
linear movement with respect to each other. In the illustrated CMP system 100, the 
10 relative linear motion is represented by arrow 1 12. According to one embodiment, 
the platen 102 is moved in the direction of arrow 1 12 to provide the relative linear 
motion. As will be apparent to one of ordinary skill in the art upon reading and 
*p understanding this disclosure, the CMP system 100 may be designed such that the 

m relative linear motion between the platen 1 02 and the polishing pad drum 104 may 

1 5 be achieved by moving the platen 1 02 as shown, by moving the polishing pad drum 
104, or by moving both the polishing pad drum 104 and the platen 102. 

If the directional vector represented by the arrow 112 and the axis of rotation 
108 of the polishing pad drum 104 were coplanar, the directional vector 112 would 
be perpendicular, or generally perpendicular, to the axis of rotation 108. That is, a 
20 projection of the direction vector 1 1 2 onto a parallel plane that includes the axis of 
rotation 108 is perpendicular, or generally perpendicular, to the axis of rotation. 

It is noted that there is a predetermined separation between the platen 102 
and the polishing pad drum 104 such that the wafer 106 can fit between the platen 
102 and polishing pad drum 104 for a CMP process. This predetermined separation 
25 can be characterized as a predetermined minimum distance between the polishing 
pad drum 104 and the platen 102 as the polishing pad drum 104 and the platen 102 
pass each other due to the linear motion. In other words, there is a distance between 
the polishing pad drum 104 and the platen 102. As the polishing pad drum 104 and 
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the platen 102 move toward each other, the distance between the two becomes less 
and less until they are a predetermined minimum distance from each other. 

The rotation of the polishing pad drum 104 produces a tangential force 
between the platen 102 and the polishing pad drum 104. The rotation of the 
polishing pad drum is represented by arrow 116. This tangential force represents the 
polishing force produced by a wafer contact portion 1 14 of the rotating polishing 
pad drum 1 04. According to one embodiment, the direction of the rotation of the 
polishing pad drum 104 is such that the tangential force between the platen 102 and 
the polishing pad drum 104 is in the same direction as the motion of the platen 102. 
In this embodiment, any debris produced by the CMP process is thrown in a 
direction so as not to interfere with the ongoing CMP process; that is, the debris is 
not thrown toward the unprocessed portions of the wafer 106. The direction, speed 
and timing of the motions may be varied for various CMP system designs. 

The illustrated embodiment of the CMP system 100 also includes a 
planarizing system 118 used to dress the polishing pad drum 104. According to one 
embodiment, the planarizing system 118 includes a laser that has a finely tuned laser 
beam 120 to appropriately dress the surface of the polishing pad drum 104. 
Dressing the surface of the polishing pad drum 104 involves providing the 
cylindrically-shaped polishing pad drum 104 with a smooth or uniform surface such 
that the polishing pad drum 104 has a uniform diameter along its length. 

Figure 2 is top view of the CMP system of Figure 1 . The system 200 
includes a platen 202, a polishing pad drum 204, a motor drive 210 and a 
planarizing system 218. In this view of the embodiment, the wafer 206 is being 
carried by the platen 202 underneath the polishing pad drum 204. The motor drive 
210 rotates the polishing pad drum 204 in a direction that throws debris from a CMP 
process in a direction along the linear movement of the platen 202 such that the 
debris will not interfere with the ongoing CMP process. The planarizing system 218 
includes a laser that has a laser beam 220 that is adapted to dress the polishing pad 
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dram 204 as needed. According to this embodiment, the relative position between 
the drum 204 and the beam 220 is changed during operation and the magnitude of 
the change is sensed by the controller. 

Figure 3 is a front view of the CMP system of Figure 1. In this view, the 
wafer 306 is shown as being disposed in between the platen 302 and the polishing 
pad drum 304. The wafer 306 is shown as being moved by the platen 302 into the 
page. 

Figure 4 is a cross-section view along line 4-4 of the CMP system shown in 
Figure 3. In this view, the wafer 406 is shown as being disposed in between the 
platen 402 and the polishing pad drum 404. The wafer 406 is shown as being 
moved by the platen 402 to the right. It is apparent from this view of this 
embodiment that the debris from the CMP process is directed in the direction of 
relative motion of the wafer 406 with respect to the polishing pad drum 404. 

Figure 5 is a block diagram of one CMP system embodiment. According to 
this embodiment, the CMP system 500 includes a platen 502 and a polishing pad 
drum 504. The platen 502 is adapted to be linearly moved, and the polishing pad 
drum 504 is adapted to be rotationally moved. A platen drive assembly 522 controls 
the linear movement of the platen and a drum drive assembly 524 controls the 
rotational movement of the polishing pad drum 504. A controller 526 is coupled to 
and in communication with the platen drive assembly 522 and the drum drive 
assembly 524 and the planarizing system 518 which, according to one embodiment, 
includes a trimming laser. 

As is apparent to one of ordinary skill in the art, the controller 526 may be 
hardware, software, or a combination thereof. The controller 526 controls the 
operation of the drive assemblies 522 and 524, and thus the movements of the platen 
502 and the polishing pad drum 504. According to various embodiments, the 
controller 526 and the drive assemblies 522 and 524 cooperate to control the 
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direction, speed and/or timing of the movements of the platen 502 and the polishing 
pad drum 504. 

The illustrated CMP system 500 also includes a planarizing system 518 for 
dressing the polishing pad drum 504. The controller 526 is also coupled to and in 
communication with the planarizing system 518 to control the process of dressing 
the polishing pad drum 504. 

Figure 6 is a side view of the CMP system of Figure 5, illustrating the 
motion of the drum and the platen. According to this system embodiment 600, the 
relative linear movement 612 between the polishing pad drum 604 and the platen 
602 is attributable to the platen drive assembly 522 of Figure 5, which linearly 
moves the platen 602 with respect to the drum 604. The rotational movement 616 is 
attributable by the drum drive assembly 524 of Figure 5. 

Figure 7 is a block diagram of one CMP system embodiment. According to 
this embodiment, the CMP system 700 includes a platen 702 and a polishing pad 
drum 704. The polishing pad drum 704 is adapted to be linearly and rotationally 
moved. A drum drive assembly 724 controls both the linear movement the 
rotational movement of the polishing pad drum 704. A controller 726 is coupled to 
and in communication with the drum drive assembly 724. According to various 
embodiments, the controller 726 and drum drive assembly 724 cooperate to control 
the direction, speed and/or timing of the movements of the polishing pad drum 704. 
The illustrated CMP system embodiment also includes a planarizing system 718 for 
dressing the polishing pad drum 704. The controller 726 is also coupled to and in 
communication with the planarizing system 718 to control the process of dressing 

the polishing pad drum 704. 

Figure 8 is a side view of the CMP system of Figure 7, illustrating the 
motion of the drum and the platen. According to this system embodiment 800, the 
relative linear movement between the polishing pad drum 804 and the platen 802 is 
accomplished by the drum drive assembly 724 of Figure 7, which linearly moves the 
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polishing pad drum 804 in the direction of linear motion arrow 812 with respect to 
the platen 802. The rotational motion, represented by arrow 816, of the polishing 
pad drum 804 also is accomplished by the drum drive assembly 724 of Figure 7. 

Figure 9 is a block diagram of one CMP system embodiment. According to 
5 this embodiment, the CMP system 900 includes a platen 902 and a polishing pad 
drum 904. The polishing pad drum 904 is adapted to be rotationally moved. A 
drum drive assembly 924 controls the rotational movement of the polishing pad 
drum 904. A controller 926 is coupled to and in communication with the drum 
drive assembly 924. According to various embodiments, the controller 926 and 
1 0 drum drive assembly 724 cooperate to control the direction, speed and/or timing of 
T| the rotational movement of the polishing pad drum 904. 

"0 According to this embodiment, a platen drive assembly 922 controls the 

J: linear and vertical movement of the platen 902. The term "vertical movement" 

j| represents movement that is orthogonal to the linear movement and that provides the 

W 1 5 predetermined distance, or predetermined minimum distance, between the platen 
O 902 and the polishing pad drum 904 as the platen 902 and the polishing pad drum 

ffi 904 pass each other during the linear movement. That is, there is a distance between 

2 the platen 902 and the polishing pad drum 904, and this distance decreases during 

ti the linear movement as the polishing pad drum 904 and the platen approach each 

20 other until the predetermined minimum distance is achieved. During a CMP 
process, the polishing pad drum 904 contacts the wafer at this point. The term 
'Vertical movement" is not intended to be limited to a particular orientation. 

This predetermined minimum distance is variable. Thus, the CMP process is 
capable of being performed on the various layers built on the wafer during the 
25 fabrication process. The platen drive assembly 922 is capable of controlling this 
predetermined minimum distance. One of ordinary skill in the art will understand, 
upon reading and comprehending this disclosure, that the drum drive assembly 924 
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may be moved to control the predetermined minimum distance between the platen 
902 and the polishing drum 904. 

The illustrated CMP system embodiment 900 also includes a planarizing 
system 91 8 for dressing the polishing pad drum 904. The controller 926 is also 
coupled to and in communication with the planarizing system 91 8 to control the 
process of dressing the polishing pad drum 904. The controller 926 vertically 
moves the wafer platen 902 to compensate for changes in the diameter of the drum 
904 caused by the dressing operation. One of ordinary skill in the art will 
understand, upon reading and comprehending this disclosure, that in various 
embodiments, the controller 926 vertically moves the drum 904 and/or the platen 
902 to compensate for changes in the diameter of the drum 904 caused by the 
dressing operation. 

Figure 10 is a side view of the CMP system of Figure 9, illustrating the 
motion of the drum and the platen. According to this system embodiment 1000, the 
rotational motion, represented by arrow 1016, of the polishing pad drum 1004 is 
accomplished by the drum drive assembly 924 of Figure 9. The relative linear 
movement between the polishing pad drum 1004 and the platen 1002 is 
accomplished by the platen drive assembly 922 of Figure 9, which linearly moves 
the platen 1002 in the direction of linear motion arrow 1012 with respect to the 
platen 1002. Furthermore, the vertical movement that provides the predetermined 
minimum distance between the polishing pad drum 1004 and the platen 1002 is 
accomplished by the platen drive assembly 922 of Figure 9, which moves the platen 
1002 as represented by vertical motion arrow 1028 with respect to the platen 1002. 

Figure 1 1 is a block diagram of one CMP system embodiment. According to 
this embodiment, the CMP system 1 100 includes a platen 1 102 and a polishing pad 
drum 1 1 04. The polishing pad drum 1 104 is adapted to be rotationally moved. A 
drive assembly 1 130 controls the rotational movement of the polishing pad drum 
1 104. Additionally, the drive assembly 1 130 is adapted to control the relative linear 
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motion and vertical motion between the platen 1 102 and the polishing pad drum 
1 104. As was pointed out above, this relative motion can be accomplished either by 
moving the platen 1 102 or the polishing pad drum 1 104. This relationship is 
illustrated in Figure 1 1 by the dotted line 1 132 that groups the platen 1 102 and 
polishing pad drum 1 104. A controller 1 126 is coupled to or in communication with 
the drive assembly 1 1 30. According to various embodiments, the controller 1 126 
and the drive assembly 1 130 cooperate to control the direction, speed and/or timing 
of the various motions of the platen 1 102 and the polishing pad drum 1 104. The 
illustrated CMP system embodiment 1 100 also includes a planarizing system 1118 
for dressing the polishing pad drum 1 1 04. The controller 1 1 26 is also coupled to 
and in communication with the planarizing system 1 1 1 8 to control the process of 
dressing the polishing pad drum 1 104. 

Figure 12 is a block diagram of another CMP system embodiment. 
According to this embodiment, the CMP system 1200 includes a platen 1202 and a 
polishing pad drum 1204. The polishing pad drum 1204 is adapted to be 
rotationally moved. A drive assembly 1230 controls the rotational movement of the 
polishing pad drum 1204. Additionally, the drive assembly 1230 is adapted to 
control the relative linear motion and vertical motion between the platen 1202 and 
the polishing pad drum 1204, as represented by the dotted line 1232. A controller 
1226 is coupled to or in communication with the drive assembly 1230. According 
to various embodiments, the controller 1226 and the drive assembly 1230 cooperate 
to control the direction, speed and/or timing of the various motions of the platen 
1202 and the polishing pad drum 1204. 

The illustrated CMP system embodiment 1200 also includes a planarizing 
system 1218 for dressing the polishing pad drum 1204 and a slurry applicator 1234 
for applying a slurry used in a CMP process. The controller 1226 is also coupled to 
and in communication with the planarizing system 1218 and the slurry applicator 
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1234 to control the process of dressing the polishing pad drum 1204 and the process 
of applying a slurry. 

Figure 13 is a block diagram of one embodiment of an electronic system 
used as a controller for a CMP system. Figure 1 3 is a simplified block diagram of a 

5 high-level organization of an electronic system 1326. According to one 

embodiment, the electronic system 1326 functions as a controller in a CMP process. 
The electronic system 1326 has functional elements, including an arithmetic/logic 
unit (ALU) or processor 1340, a control unit 1342, a memory device unit 1344, and 
an input/output (I/O) device 1 346. Generally such an electronic system 1326 will 

1 0 have a native set of instructions that specific operations to be performed on data by 
the ALU 1340 and other interactions between the ALU 1340, the memory device 
unit 1344 and the I/O devices 1346. The memory device unit 1344 contains the data 
plus a stored list of instructions. The control unit 1342 coordinates all operations of 
the processor 1340, the memory device 1344 and the I/O devices 1346 by 

1 5 continuously cycling through a set of operations that cause instructions to be fetched 
from the memory device 1344 and executed. These executed instructions include 
sending and receiving signals such as control, communication, data and sensor 
signals. 

The figures presented and described in detail above are similarly useful in 
20 describing the method aspects of the present subject matter. The methods described 
below are nonexclusive as other methods may be understood from the specification 
and the figures described above. 

Figure 14 is a flowchart illustrating one embodiment of a semiconductor 
process that incorporates one embodiment of a CMP process. The process begins at 
25 1450. The pad, or polishing pad drum, is dressed at 1452 to ensure that the drum 
has a planar surface. One method for dressing the pad uses a finely tuned laser 
beam. 

14 
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Wafers are initially polished to achieve a planar surface upon which the 
various layers for each wafer are formed. As it is at this time impractical to achieve 
a completely parallel top surface with respect to the bottom surface, the wafer may 
have a slight non planar top surface when referenced to the bottom surface of the 
wafer. A normal semiconductor process is run after the wafer is initially polished. 

At 1454, the wafer is positioned or mounted on the platen such that it is 
capable of being positioned in a consistent position relative to the platen each time 
that it is polished. The distance between the platen and the polishing pad drum is 
adjusted or set at 1456 so as to accommodate the thickness of each successive layer 
built on the wafer during the fabrication process. This distance represents the 
predetermined minimum distance between the platen and the polishing pad drum as 
the platen and polishing pad drum pass each other. 

At 1458, the wafer is polished. The wafer is polished by rotating the 
polishing pad drum at 1460 and by creating a linear movement between the drum 
and the platen at 1462. After the polishing process, the wafer is removed from the 
platen at 1464, and semiconductor fabrication processes are performed on the wafer 
at 1466. These semiconductor fabrication processes include, but are not limited to, 
processes that are used in the damascene process described earlier in this disclosure 
in the section entitled Background of the Invention. 

After the semiconductor fabrication process, at 1468, it is determined 
whether the surface of the wafer is to be polished. For example, in the damascene 
process, the wafer is polished after the copper is blank deposited. If the surface of 
the wafer is to be polished, the process proceeds to 1470 where it is determined 
whether the polishing pad drum should be dressed again. If the drum should be 
dressed, the process proceeds back to 1452. If the drum does not need to be dressed, 
the process proceeds back to 1454. If, at 1468, it is determined that the surface of 
the wafer is not to be polished, the process proceeds to 1472 where it is determined 
whether another semiconductor process is to be performed. If it is determined that 
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another semiconductor process is to be performed, then the process proceeds back to 
1466. If it is determined that another semiconductor process is not to be performed, 
the process continues to 1474 where the semiconductor process terminates. 

Figure 15 is a flowchart illustrating one embodiment of a process for 
removing a semiconductor layer. This process recognizes that a single layer often 
will have an uneven surface characterized with peaks. A pass of the polishing pad 
with respect to the wafer removes the peaks, or a portion of the peaks. The peaks of 
the wafer surface may cause the polishing pad to wear unevenly. As such, it may be 
desirable to dress the pad between polishing passes. The removal of a single layer 
may require several polishing passes and several dressings of the polishing pad. 

According to the illustrated embodiment, the process for removing a 
semiconductor layer begins at 1 580. The pad, or polishing pad drum, is dressed at 
1582 to ensure that the drum has a planar surface. One method for dressing the pad 
uses a finely tuned laser beam. The distance between the platen and the polishing 
pad drum is adjusted or set at 1584 so as to accommodate the thickness of each 
successive layer built on the wafer during the fabrication process. This distance 
represents the predetermined minimum distance between the platen and the 
polishing pad drum as the platen and polishing pad drum pass each other. 

At 1586, the wafer is polished. The wafer is polished by rotating the 
polishing pad drum at 1588 and by creating a linear movement between the drum 
and the platen at 1590. At 1592, it is determined whether the surface of the wafer is 
to be polished again. If the surface of the wafer is to be polished, the process 
proceeds to 1594 where it is determined whether the polishing pad drum should be 
dressed again. If the drum should be dressed, the process proceeds back to 1582. If 
the drum does not need to be dressed, the process proceeds back to 1584. If, at 
1 592, it is determined that the surface of the wafer is not to be polished, the process 
proceeds to 1 596 where the process for removing a semiconductor layer terminates. 
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CONCLUSION 

The present subject matter provides chemical mechanical polishing (CMP) 
systems and methods in which a rotating polishing pad drum is used to polish a 
surface of a wafer held by a platen. The polishing pad drum operably contacts the 
5 wafer through a relative linear movement between the wafer and the rotating 

polishing pad drum. The linear motion is perpendicular (albeit in a different plane) 
to the axis of rotation of the polishing pad drum. That is, the relative linear motion 
is characterized by a linear motion vector. A projection of this linear motion vector 
into a parallel plane that contains the axis of rotation for the polishing pad dram is 

10 perpendicular, or generally perpendicular, to the axis of rotation. The CMP systems 
and processes described herein significantly increase the degree of long range 
planarization by reducing uniformity problems such as dishing and rounding of the 
features. The result is that each polished layer has a surface or thickness that is 
substantially uniform through the layer. 

1 5 Although specific embodiments have been illustrated and described herein, it 

will be appreciated by those of ordinary skill in the art that any arrangement which 
is calculated to achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. It is to be understood that the above description 

20 is intended to be illustrative, and not restrictive. Combinations of the above 
embodiments, and other embodiments will be apparent to those of skill in the art 
upon reviewing the above description. The scope of the invention includes any 
other applications in which the above structures and fabrication methods are used. 
The scope of the invention should be determined with reference to the appended 

25 claims, along with the full scope of equivalents to which such claims are entitled. 
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